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Multiple antibodies are effective at labeling s-opsin 
cones 
 
Jenna Jamil, Dr. Jordan Renna, and Katelyn Sondreker 
 
ABSTRACT: Cones are a type of photoreceptor found in the retina that initiates visual 
processes. Cones can respond to different wavelengths of light and therefore allow for 
color vision. They are also responsible for high acuity and daylight vision (Ueno et al 
2018). Immunohistochemistry is a technique that can be used to label and visualize 
specific types of cones in the mouse retina. A primary antibody is used to bind to a 
specific antigen, such as s-opsin in cones. A secondary antibody with a fluorescent 
marker then binds to the primary antibody to allow for amplification and visualization. 
Through effectively labeling s-cones with specific antibodies, different retinal 
degenerative diseases and treatments for them can be assessed based on the expression of 
these labeled cones. Previously, a primary polyclonal antibody was used to stain for s-
opsin known as goat anti-s-opsin. However, this antibody is no longer commercially 
available, so the purpose of this study was to characterize a new primary polyclonal 
antibody that can stain for s-opsin in order to replace the previous one. The replacement 
antibody is called rabbit anti-s-opsin. Through this study, it was found that both 
antibodies label the same number of s-opsin cones because there was no significant 
difference in the number of immunopositive s-cones that were stained with goat anti-s-
opsin and rabbit anti-s-opsin at any of the tested optic nerve eccentricities. Thus, rabbit 
anti-s-opsin can be used to replace goat anti-s-opsin in order to label s-cones.  
 
2		
INTRODUCTION  
In the vertebrate retina, there are photoreceptors known as rods and cones. Rods 
are highly sensitive to light and are responsible for dim light vision, while cones are 
responsible for high acuity and daylight vision (Henning et al 2018). In this project, the 
focus was on the cone photoreceptors, which in humans contain three types: red, green 
and blue sensitive cones. Each type of cone maximally absorbs light at specific 
wavelengths. The red cones are most sensitive to long wavelengths, the green cones to 
middle, and the blue cones to short wavelengths (Wikler and Rakic, 1991). The three 
types of cones differ in their the amino acid sequences of photosensitive proteins known 
as opsins (Henning et al 2018). Humans perceive light by stimulating all three types of 
cones, often simultaneously.  
 Mouse retinas were used in this study, which differ in certain ways from that of 
humans. For example, cones in the mouse retina only contain two different types of 
opsins instead of three and therefore have dichromatic vision (Applebury et al 2000). 
Cones containing s-opsin maximally absorb short wavelengths of light at about 359 nm 
(Applebury et al 2000). S-opsins can detect ranges of light from ultraviolet to blue 
wavelengths and are therefore sometimes called ultra violet (UV) sensitive opsins 
(Henning et al 2018). The second type of opsin is known as m-opsin, which maximally 
absorbs middle wavelengths of light at about 510 nm. Most cones co-express both m-
opsin and s-opsin in the same cell. However, s-opsin expression has been found to be 
higher in the ventral retina in comparison to the dorsal retina, while m-opsin expression 
has been found to be higher in the dorsal retina in comparison to the ventral retina 
(Applebury et al 2000).  
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 Immunohistochemistry techniques use specific primary antibodies in order to 
label and visualize cones that contain s-opsin. This is accomplished through primary 
antibodies binding to specific antigens (in this case s-opsin). Secondary antibodies then 
bind to the primaries in order to amplify the signal. These secondary antibodies often 
have a fluorescent marker to allow for visualization under a fluorescent microscope. 
Previously, the primary polyclonal antibody known as goat anti-s-opsin was used to 
reliably label immunopositive s-cones in mice (Schiviz et al 2008). However, this 
antibody is no longer commercially available, so a replacement needs to be found. By 
finding an effective replacement for this antibody, retinal degenerative diseases that deal 
with cone dysfunction as well as treatments for these diseases can be further analyzed 
through the labeling of the s-cones (Ray et al 2010).  
 This study focuses on characterizing the labeling pattern of another primary 
polyclonal antibody known as rabbit anti-s-opsin, in adult mouse retina in order to 
identify a potential replacement for the goat anti-s-opsin antibody. These two antibodies 
were compared by quantifying the number of immunopositive s-cones labeled by each 
antibody within nine different regions of interest. To ensure there would be uniform 
locations for these regions of interest, two programs, Retistruct and MATLAB, were 
utilized. Retistruct reconstructed the two-dimensional retina into three-dimensional space 
by stitching back together the cuts made, forming spherical shaped retinas. A custom 
MATLAB code then rotated the retinas so that the ventral side, which has the highest 
concentration of s-cones, was located at the bottom of the retinas. The retina 
reconstruction and rotation ensured the number of s-cones could be quantified and 
compared between the two primary antibodies in a uniform way.  
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MATERIALS AND METHODS 
Animals 
All experiments were conducted according to NIH guidelines under protocols 
approved by the Institutional Animal Care and Use Committees of the University of 
Akron. Wild-type mice were used for all experiments and were housed in cages in the 
University of Akron vivarium. Adult mice were used at stages P24, P25, and P26 (P, 
postnatal day). Four mice (eight retinas) were used for this study.  
 
Antibodies 
There were two primary antibodies used for this study. The first is a primary 
polyclonal goat anti-s-opsin antibody (Santa Cruz Biotechnologies, cat# sc-14363) and 
the second is a primary polyclonal rabbit anti-s-opsin antibody (Millipore, cat# 
ABN1660). The goat anti-s-opsin is the antibody that is no longer commercially 
available, while the rabbit anti-s-opsin is the possible replacement antibody.  
 
Immunohistochemistry 
In order to quantify and compare the number of labeled s-cones in each retina, 
immunohistochemistry was used to stain retinas of adult mice at P24, 25, and 26. The 
retinas were dissected in 0.1M phosphate buffered saline (PBS) immediately after 
euthanasia of the mice and placed on nitrocellulose membrane. Retinas were then fixed in 
phosphate-buffered paraformaldehyde (4%) for 45 minutes. The retinas were then 
washed (3x15 minutes in PBS) and placed in blocking solution (0.1M PBS, 1.7% Triton 
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X-100, and Donkey Normal Serum (DNS)) at 4°C overnight. The retinas were then 
incubated and shaken on an orbital shaker for 3 days at 4°C in blocking solution with one 
of the two primary antibodies: goat anti-s-opsin (at 1:500) or rabbit anti-s-opsin (at 
1:500). After the 3 day incubation period, the retinas were washed (6x10 minutes in 
PBS), incubated and shaken on an orbital shaker overnight at 4°C in blocking solution 
with one of two secondary antibodies: donkey anti-goat Alexa Fluor 594 (Life 
Technologies, Cat# A11058) at 1:200 for the goat anti-s-opsin or donkey anti-rabbit 
Alexa Fluor 594 (Life Technologies, Cat# A21207) at 1:200 for the rabbit anti-s-opsin. 
This step and the rest of the protocol were performed with the wells covered in foil to 
ensure that no photo bleaching would occur. The following day, the retinas were washed 
(6x10 minutes in PBS) and mounted on a glass slide with Aquamount and covered with a 
1.5 µm thick coverslip. 
 
Imaging Wholemount Retinas 
The retinas were visualized under a fluorescent microscope at a magnification of 
4X. At this point, both the new and the old antibody showed an s-opsin gradient with 
more s-cones on the ventral side, and less s-cones on the dorsal side. A series of about six 
pictures were taken at 4X, and then stitched together in Adobe Photoshop. An example of 
a 4X image stitched together and edited for both goat anti-s-opsin and rabbit anti-s-opsin 
is shown in Figure 1A and 1B. 
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Figure 1: Two retinas stained with different primary s-opsin antibodies. A) A retina stained 
with the goat anti-s-opsin primary antibody at 4X magnification. B) The other retina stained with 
the rabbit anti-s-opsin primary antibody at 4X magnification. A-B scale bars: 1 mm. 
 
Reconstructing the Retina with Retistruct and Rotating the Retinas with MATLAB 
The program “Retistruct” was used in order to reconstruct each retina so that the 
relieving cuts made during dissections could be stitched back together into a spherical 
shaped retina (Sterratt et al 2013). Once reconstructed and transformed into a sphere, the 
retinas could be run through MATLAB using a custom code in order to rotate the retinas 
so that the ventral side, which has the highest number of s-cones, is at the bottom, and the 
dorsal side, which has the lowest number of s-cones, is at the top. The retinas needed to 
be rotated in this way to ensure that the regions of interest for quantification were 
uniform across all retinas used. This also ensured that the regions of interest were located 
in the ventral part of the retina where the highest number of s-cones is located. Figure 2B 
shows the Retistruct unrotated output of one of the retinas found in Figure 1A, and 
Figure 2C shows the MATLAB rotated output of that same retina. 
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Figure 2: A retina stitched and rotated according to its s-opsin gradient. A) A retina stained 
with goat anti-s-opsin primary antibody at 4X magnification. B) The same retina reconstructed 
using Retistruct to stitch the tears back together and form a whole, spherical retina. C) The same 
retina rotated according to its s-opsin gradient, with the highest concentration of s-cones at the 
bottom, using MATLAB. Scale bar: 1 mm 
 
Image Acquisition for S-Cone Quantification 
The retinas were oriented under the microscope in a way that matched the 
MATLAB output. This allowed for all retinas to be oriented in the same way: with the 
highest concentration of s-cones at the bottom, ventral side and the lowest concentration 
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of s-cones at the top, dorsal side. A series of images were taken at 40X magnification, 
starting at the optic nerve head and moving straight down until the ventral border of the 
retina was reached. Another series of images were taken to the right and left of the optic 
nerve head, parallel to the first set of the pictures, giving a total of three series of images. 
This allowed for all 40X images to be taken in the ventral portion of the retina where the 
highest s-opsin expression is found. There were 12-15 images taken at 40X for each 
series, and these were stitched together in Photoshop in order to obtain the regions of 
interest.  
 
Regions of Interest and Quantification of S-Cones 
A total of nine regions of interest were found per retina. Figure 3A shows where 
these regions of interest were located in relation to the optic nerve head. Each region of 
interest was measured to be 0.1 mm x 0.1 mm. Figure 3B and 3C show two 
representative regions of interest at 40X magnification. The three main regions being 
compared are found at eccentricities of 0.25 mm, 0.50 mm, and 0.75 mm. More 
specifically, Region 1 includes the three regions that are 0.25 mm ventrally from the optic 
nerve, one located at the center, one to right, and one to the left of the optic nerve head. 
The number of s-cones was then quantified for each of the nine regions of interest.  
9		
Figure 3: Regions of interest location and imaging. A) A retina stained with the goat anti-s-
opsin primary antibody at 4X magnification with the locations and approximate size of nine 
square regions of interest shown. Scale bar: 1 mm. B) A representative region (0.1 mm x 0.1 mm) 
from a retina stained with the goat anti-s-opsin primary antibody. Image taken at 40X 
magnification. C) A representative region (0.1 mm x 0.1 mm) from a retina stained with the 
rabbit anti-s-opsin. Image taken at 40X magnification. B-C scalebars: 25 µm. 
 
Statistical Analysis 
An ANOVA test followed by a post-hoc Bonferroni test was used to compare the 
immunopositive s-cone counts found for each of the nine regions of interest in the three 
retinas labeled with goat anti-s-opsin antibody and the three retinas labeled with rabbit 
anti-s-opsin antibody.  
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RESULTS 
Both Antibodies Are Effective at Labeling S-Opsin Cones 
A sample size of three retinas was dissected and stained with the goat anti-s-opsin 
and the rabbit anti-s-opsin antibodies. They were then imaged at a magnification of 4X, 
all appearing to display the same s-opsin gradient: a high concentration of s-cones on the 
ventral side, and a low concentration of s-cones on the dorsal side. There was, however, a 
slight decrease in brightness for the rabbit anti-s-opsin antibody when compared to the 
goat anti-s-opsin antibody when viewing the retinas under 4X magnification. This 
observation does not affect the ability for the rabbit anti-s-opsin antibody to reliably label 
s-cones though. 
The two-dimensional retinas were stitched back together into three-dimensional 
spherical retinas using Retistruct, then rotated according to their s-opsin gradient using 
MATLAB. Nine regions of interest were created at optic nerve head eccentricities of 0.25 
mm, 0.50 mm and 0.75 mm straight down, to the right, and to the left of the optic nerve 
head. Once quantified at a magnification of 40X, an average for three regions of interest 
per eccentricity was found (Table 1). By quantifying s-cones at various eccentricities, 
any variation in cone counts due to location and the s-opsin gradient in the retina could be 
accounted for. Figure 4 shows a comparison in s-cone counts between the two primary 
polyclonal antibodies being tested in bar graph form. The error bars represent the 
standard error of the mean (SEM). 
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Goat anti-s-opsin Rabbit anti-s-opsin 
Eccentricity (mm) Average ± SEM Eccentricity (mm) Average ± SEM 
0.25 143.55 ± 10.39 0.25 133.33 ± 5.32 
0.50 161.66 ± 8.82 0.50 147 ± 6.49 
0.75 159 ± 4.23 0.75 142.44 ± 6.83 
Table 1: Averages for three regions of interest per eccentricity for two different antibodies. 
The average number of s-cones labeled with either the goat anti-s-opsin or the rabbit anti-s-opsin 
antibodies are listed for three regions of interest per eccentricity of 0.25 mm, 0.5 mm, and 0.75 
mm from the optic nerve. These averages show that both antibodies effectively label s-cones.  
 
 
 
Figure 4: Both antibodies are effective at labeling s-opsin cones. Both antibodies label the 
same number of s-opsin cones because there is no significant difference in the number of 
immunopositive s-cones that are stained with the goat anti-s-opsin and the rabbit anti-s-opsin at 
any of the tested retinal eccentricities (n=3; p>0.05). 
 
 The ANOVA test followed by a post-hoc Bonferroni test concluded that there was 
no significant difference in the number of immunopositive s-cones that were stained with 
the goat anti-s-opsin and the rabbit anti-s-opsin at any retinal eccentricity (n=3; p>0.05). 
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This means that the rabbit anti-s-opsin reliably labels s-cones in the same manner than the 
goat anti-s-opsin has in previous studies.  
 
DISCUSSION 
Since there was not a significant difference between the number of 
immunopositive s-cones stained with the goat anti-s-opsin and the rabbit anti-s-opsin 
antibodies at any eccentricity, it can be concluded that the rabbit anti-s-opsin correctly 
and reliably labels s-opsin cones in the same manner that the goat anti-s-opsin labels 
them. 
 One important aspect of this study that is important to note is the concentrations 
of antibodies being used. It is important to have the same concentrations of both the 
primary and secondary antibody between the two samples being compared in order to 
have a similar amount of fluorescence between the two antibodies. There was still a slight 
decrease in brightness for the rabbit anti-s-opsin antibody when compared to the goat 
anti-s-opsin antibody; however this could be due to the dissection technique. It is 
important to ensure that all extra tissue, such as the vitreous, is removed from the retina 
before staining in order to ensure clear and brightly labeled cones are visualized under the 
microscope. Despite the fact that the labeling intensity of the rabbit anti-s-opsin was a 
little weaker than that of the goat anti-s-opsin, the rabbit anti-s-opsin still reliably labels 
s-cones, and therefore it can be used to replace the goat anti-s-opsin antibody. 
Furthermore, the quantification of nine different regions of interest at three optic 
nerve eccentricities all located and quantified in a uniform fashion through the use of 
Retistruct and MATLAB ensure that the counts were reliable. Thus, the primary 
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polyclonal antibody rabbit anti-s-opsin can be used to replace the primary polyclonal 
antibody goat anti-s-opsin in order to label s-cones. The reliable labeling of s-cones will 
be important in future studies such as those that analyze retinal degenerative diseases that 
involve cone dysfunction and their treatment as well as the study of various visual 
pathways involving cone photoreceptors.  
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